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i Research Goal

= [0 establish systematic design and analysis
methods of RC polyphase filters.

= As its first step,
to derive explicit transfer functions of
the 1st-, 2nd- and 3rd-order
RC polyphase filters.
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Roles of RC Polyphase Filter

in Wireless Transceiver



Features of
i RC Polyphase Filter

= Its input and output are complex signal.
= Passive RC analog filter

= One of key components in wireless
transceiver analog front-end

- I, Q signal generation
- Image rejection

= Its explicit transfer function has not
been derived yet.



First-order RC Polyphase Filter

Iin+ Rl Iout+
*w

Differential Complex Input: Vm =Iin + jQin
Differential Complex Output: ~ Vout = Iout + ] Qout s



I, Q signal generation

‘-L from single sinusoidal input
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‘_h Cosine, Sine Signals in Receiver
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‘.h Pure I, Q signal generation

3rd-order harmonics rejection

Iin= Tout =
3 |
cos( wrot)+B cos (wLot)gg C Polyphase | A'cos(wrot+ 0)

, @ J Filter | »
Qin= Qout =

sin (wWrot)+B sins( wLot) A sin(wLot+9)

With Without
3rd-order harmonics. 3rd-order harmonics.
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Simulation of

i 3rd-order harmonics rejection

I (r)=cos(w, t)+acos’ (@, 1)

Q. (1) =sin(w, 1)+ asin’ (@, 1)
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i Image Rejection Filter

Iin =

(A+B) cos(wt)

Qin =
(A-B) sin(wt)
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Problem when ww# 1/RiCi
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i 2nd-order RC Polyphase Filter

10 N
The problem of Iarge NK_N
difference between K -
Tout, Qout amplitudes 7

can be alleviated
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i 3rd-order RC Polyphase Filter
: leouu
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4

Transfer Function Derivation

of RC Polyphase Filter
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Transfer Function of
i RC Polyphase Filter

s Complex Signal Theory

= Complex input
= Complex output

= Complex
Transfer Function

‘/OMt(ja)) — IOI/tt _I_ j . Qlett

Vou (T O)

G(jw)=

V.. (jw)
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Transfer Function of
i 1st-order RC Polyphase Filter

Differential signal

I,(@)=1,,(t)=1, (1)

Q, ) =0, ()-0, (1)
L, ) =1,,, @)1, (t)
Qe (1) = Q (1) = Dy (D)

Complex signal

V() =1, )+ jO,, (1)
VOMZ (t) — IOMI (t) + jQOMI (t)

Tout-




Transfer Function of
i 1st-order RC Polyphase Filter

|Gi{jen)]

Transter Function

1+ wRC
1+ j.wRC

Gl(jw):

eGGain

1+ wRC| _
14+ (wRC)*

|G1(]w)| =
v
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Nqust Chart of G1(JW)
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Symmetric with respect to a line of Y = -X.
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Gl(_] w) =X(w) +jY(w)
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Explanation of
iI, Q signal generation by Gi(jw)

0, (1)=0,1, () = cos(a),
V. (t) =cos(ax) = %[ej“” +e /]

Gi(jo),_1 =0JG(j)|, 1 =~2.£G,(jo)=-"

1 . Corat Gl i | N
Vom(f)=§[‘G1(J(0)‘e” £G(j ))+\G1(—]a))‘e~’( £Gy(=jo)

V2 V2

/A . /A
=——cos(af ——)+ j—sm(axr ——
5 ( 4) J 5 ( 4)




Output Load (CL) Effects

lin+
:CJ 'TTR1
Gl(] w) - Qin+8—VVY
1+ wR1C1 2

I+ wR1(C1+CL)  1in-
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i Input Impedance

Iin+ﬁWVR . \{ Tout+
C

Input Impedance Zin = Qin+*iWV Qout+
Complex Input Voltage

Complex Input Current [in-

Qin-

1+ wRI1C1
21wWC1 [1H(1+wRI1C1)]

/in =
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i Component Mismatch Effects

Mismatches gx among R’s, C's linf WVR \/ Tout+
Cl

2

Qout+
Image signal Vout is caused. an+4\/

- Tout-
Vout=G,-Vin+E, -0X -Vin 74
VOMt:Gl -Vin + El y é)( -Vin Qin /\ Qout-
1+ j))RCw Image transfer
2(1 + lecla))2 function

where E1 =
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Transfer Function of
i 2nd-order RC Polyphase Filter

Transfer Function

(I+wR,C)(1+ wR,C,)

G2(.]a)) — o) .
|-w"RC\R,C, + jo(C\R, + C,R, +2R,C),)

Derivation is very complicated, so we used “"Mathematica.”

|Gzl joa)]

Gain |G2(jw)| (’\

characteristics l -
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i Nyquist Chart of G2(jw )

Symmetric
with respect to
a line of X = 0.
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Features of

i 2"d-order RC Polyphase Filter

lim G,(jw) =1,

W—>too

0w

JG,(jw)”

w=| o))

G,(jw) # G,(—jo), G,(jo) =G6,(jw,),
Gz (_ja)l) = Gz (_ja)z) =0,

G,(jO) =1,

—0, |GU 0o) _(o+ o)

G, (—j ow)l (o~ o)

For arbitrary g, G(]CR@X ZGOJ@/C%6



Flat passband design of
i 2"d-order RC Polyphase Filter

|Galjeod|

Passband: w1~ w2 S
. n
Stopband: -wW1 ~ -wW?2 passband
stopband,
where W1 := 1/R1C1, _
w?2 :=1/R2C2 T gar’ 1- __ m(rii:;
" RC, RC

@® To make gain in passband flat,
G2 (jw1)] = |G2 (jw?2)| = |G2 (jVw1iw?2)].

(Jo2+Jw1)?
\\/QTZ-\/E'/ 27

@® Image Rejection Ratio =




Explanation why a 2"d-order filter
i reduces I, Q amplitude difference.

Input signal

Q. ()=0,1 (r)=cos(ax)= %(ej“’ +e )

Output of a 1st-order filter

1 . |
Lt )+ jQn () =S |G, (j@)le™ ™ +[G, (—j)le™ ]

‘ (=7 )‘
G, (jo)

‘Glf‘

G, (jw)

=|G,(jo)|1+ )cos(ax +6,) + j|G,(jw)|(1- )sin(ax +6,)
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Explanation why a 2"d-order filter
i reduces I, Q amplitude difference.

Output of a 2"-order filter

. 1 . i QOF -+ . —j—
Iomz(t)'l']Qomz(t):5[‘(;2(](0)‘6] ?+|G* (—jw)e )

G,(—jo)
G,(jo)

G,(—jo)
G,(jo)

=|G,(jw)|(1+ )cos(ax +86,)+ j|G, (jo)|(1- )sin(ax +6,)

@® According to the transfer functions,

G(-jo) __ G,(-jw) =
G(jo) G, (jw) at Ww=%o

then, the amplitude difference is reduced.
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Transfer Function of
i 3rd-order RC Polyphase Filter

. N,(jw)
G.(jo) = s
O = o)+ D)
where
N,(jw)=(1+a&R C)(1+a&R,C,)(1+a&R,C,)
D3R(a)):

1-@*[RCR,C,+R,C,R,C, +RC,R,C,+2RC,(R,C, +R,C,+R,C,)]
D,, ()=
o[RC,+R,C,+R,C,+2(RC,+R,C,+RC,)]-@w’RCR,C,R,C,
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Gain, Phase of
* 3rd-order RC Polyphase Filter

. ]\] .(Z)
Gain:  [G(jw)|= -‘ 32(] )‘ )’
\/D3R(]w) +D;,(jo)
Phase:  tan(£G,(jw) =- 531 ((iz))
ik |Gal j ol |
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Nyquist Chart of G3(Jw)

In case

R1C1=R2C2
=R3(C3

Symmetric

with respect to
a line of Y= X.

[Y(w)]
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i Summary

@® Explicit transfer functions of
1st-, 2nd- and 3rd-order RC polyphase filters.
mm) Systematic design and analysis are possible.

@® On-going projects

= Derivation of higher-order filter ones.

= Nonideality effects in higher-order filters.

= Systematic design method using Nyquist chart.
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